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Improving ranking algorithms for information retrieval. The
ranking algorithms operate on search results obtained from
a search engine. Input information including information
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algorithm 1s defined by a plurality of parameters and a
plurality of weights associated with the plurality of param-
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MACHINE DIRECTED IMPROVEMENT OFK
RANKING ALGORITHMS

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
information retrieval. In particular, embodiments of the

invention relate to evaluating information retrieval ranking
algorithms and improving ranking algorithms for informa-
tion retrieval.

BACKGROUND OF THE INVENTION

The Internet has vast amounts of information distributed
over a multitude of computers, hence providing users with
large amounts of information on various topics. This 1s also
true for a number of other communication networks, such as
intranets and extranets. Although large amounts of informa-
tion may be available on a network, finding the desired
information can be dithicult.

Search engines have been developed to address the prob-
lem of finding desired information on a network. Typically,
a user who has an i1dea of the type of information desired
enters one or more search terms to a search engine. The
search engine then returns a list of network locations (e.g.,
uniform resource locators (URLs)) that the search engine
has determined to include an electronic document relating to
the user-specified search terms. Many search engines also
provide a relevance ranking. A typical relevance ranking 1s
a relative estimate of the likelthood that an electronic
document at a given network location 1s related to the
user-specified search terms 1n comparison to other electronic
documents. For example, a conventional search engine may
provide a relevance ranking based on the number of times a
particular search term appears 1n an electronic document, its
placement 1n the electronic document (e.g., a term appearing
in the title 1s often deemed more important than the term
appearing at the end of the electronic document). In addi-
tion, link analysis has also become a powerful technique in
ranking web pages and other hyperlinked documents.
Anchor-text analysis, web page structure analysis, the use of
a key term listing, and the URL text are other techniques
used to provide a relevance ranking.

Many search engines employ various ranking algorithms
to produce such a relevance ranking retlecting the relative
importance of the different electronic documents resulting
from a search query. The ability of current ranking algo-
rithms to produce an accurate relevance ranking depends on
numerous, tunable dimensions or other parameters (e.g., 200
or more). Thus, a technique to identily an optimal ranking
algorithm that has optimal dimensions or parameters for
producing an accurate relevance ranking 1s desired.

In some existing systems and methods, human intuition 1s
used to tune the parameters of a given ranking algorithm in
an attempt to produce a relevance ranking that 1s correlated
to a human-judged ranking of electronic documents. How-
ever, human mtuition fails to identily an optimal ranking
algorithm with optimal parameters ethciently, reliably, and
cllectively.

In some fields of computer science, “best fit” or “minima/
maxima seeking” algorithms are used to solve various
problems. A techmique that applies these algorithms to
explore a multi-dimensional space of parameters associated
with a ranking algorithm 1s generally desired. However, a
given ranking algorithm may have an order of 50 to 100
parameters. If each parameter has 10 possible values, there
will be 10750 to 107100 possible combinations of parameters
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for the given ranking algorithm. This large space of com-
binations renders searching of an optimal set of parameters
difficult. Moreover, because of the potentially billions of
clectronic documents located on a network, executing an
optimizing algorithm on these billions of electronic docu-
ments to identily an optimal ranking algorithm 1s time
consuming. In other words, searching a large index of
clectronic documents to i1dentily an optimal ranking algo-
rithm having a set of optimal parameters 1s impractical.

In existing frameworks for identifying an optimal ranking
algorithm, the optimizing algorithm utilized to i1dentify the
optimal ranking algorithm 1s usually “hard-coded” in the
frameworks. As a result, changes to the optimizing algo-
rithm 1n such {frameworks usually require code-level
changes, which are then distributed to other machines 1f the
index of electronic documents 1s spread across multiple
machines. Therefore, a framework that provides inter-
changeable optimizing algorithms i1s desired such that an
optimizing algorithm may be easily upgraded or substituted.

Accordingly, a solution that effectively evaluates infor-
mation retrieval ranking algorithms and improves ranking,
algorithms for mformation retrieval i1s desired.

SUMMARY OF THE INVENTION

Embodiments of the imvention overcome one or more
deficiencies 1n the prior art by providing, among other
things, evaluation and improvement of information retrieval
ranking algorithms. In particular, embodiments of the inven-
tion provide a framework for identifying an optimal ranking
algorithm that accurately ranks tens of billions of electronic
documents. According to one or more embodiments of the
invention, a subindex storing relevant attributes of electronic
documents 1s generated as a function of a search query to
facilitate the process of identifying an optimal ranking
algorithm. In particular, an embodiment of the invention
rates various ranking algorithms by applying the search
query to the subindex to produce search results, 1teratively
applying the ranking algorithms to the search results to
produce ranked query results, and comparing the ranked
query results with human judgments to produce the rating.

According to one embodiment, the invention employs an
optimizing algorithm to explore a parameter space of a set
of predefined ranking algorithms, including the ratings asso-
ciated with each of the ranking algorithms, to i1dentify an
optimal ranking algorithm and a set of optimal parameters
associated with the optimal ranking algorithm. In particular,
the framework receives a large number of parameter per-
mutations (e.g., tens to hundreds of millions of parameters
resulting 1n trillions of permutations) and determines a set of
optimal parameters. Embodiments of the invention also
allow 1nterchangeability of the optimizing algorithm such
that other optimizing algorithms may be added to the
framework with minimal effort.

Thus, embodiments of the invention result 1in an eflicient
system and method for identifying an optimal ranking
algorithm and the associated optimal parameters.

In accordance with one aspect of the invention, a method
improves ranking algorithms for information retrieval. The
ranking algorithms operate on query results obtained from a
search engine. The method includes recerving mput infor-
mation including information describing a {first ranking
algorithm for ranking a list of search results, a first score
associated with the first ranking algorithm, a second ranking
algorithm for ranking the list of search results, a second
score associated with the second ranking algorithm, and
causal information relating a difference between the first

.
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ranking algorithm and the second ranking algorithm with a
difference between the first score and the second score. The
first score represents a comparison of output of the first
ranking algorithm and a subjective ranking of the list of
search results. The second score represents a comparison of
output of the second ranking algorithm and the subjective
ranking of the list of search results. The method also
includes applying an optimizing algorithm to the received
input information to identily an optimal ranking algorithm
having an optimal score. The optimal ranking algorithm 1s
defined by a plurality of parameters and a plurality of
weilghts associated with the plurality of parameters.

In accordance with another aspect of the invention, one or
more computer-readable media have computer-executable
instructions for improving ranking algorithms for informa-
tion retrieval. The ranking algorithms operate on query
results obtained from a search engine. The components
include an 1nterface component for recerving input informa-
tion including information describing a first ranking algo-
rithm for ranking a list of search results, a first score
associated with the first ranking algorithm, a second ranking
algorithm for ranking the list of search results, a second
score associated with the second ranking algorithm, and
causal information relating a difference between the first
ranking algorithm and the second ranking algorithm with a
difference between the first score and the second score. The
first score represents a comparison ol output of the first
ranking algorithm and a subjective ranking of the list of
search results. The second score represents a comparison of
output of the second ranking algorithm and the subjective
ranking of the list of search results. The components also
include a best {it component for applying an optimizing
algorithm to the received input information to identify an
optimal ranking algorithm having an optimal score. The
optimal ranking algorithm i1s defined by a plurality of
parameters and a plurality of weights associated with the
plurality of parameters. The optimizing algorithm 1s inter-
changeable with another optimizing algorithm without re-
compilation of the best {it component.

In accordance with still another aspect of the invention, a
system 1mproves ranking algorithms for information
retrieval. The system includes a memory area for storing
input information including information describing a first
ranking algorithm for ranking a list of search results, a first
score associated with the first ranking algorithm, a second
ranking algorithm, a second score associated with the sec-
ond ranking algorithm for ranking the list of search results,
and causal information relating a difference between the first
ranking algorithm and the second ranking algorithm with a
difference between the first score and the second score. The
system also includes a processor configured to execute
computer-executable instructions for applying a machine
learning algorithm to the input immformation stored in the
memory area to identify an optimal ranking algorithm
having an optimal score. The optimal ranking algorithm 1s
defined by a plurality of parameters and a plurality of
weilghts associated with the plurality of parameters.

In accordance with yet another aspect of the imvention, a
method 1dentifies an improved information retrieval algo-
rithm for ranking query results. The method 1includes receiv-
ing a query and a list of index documents resulting from
execution of the query on an 1ndex file storing a plurality of
documents. The method also includes storing a portion of
the received list of index documents in a subindex {file. The
method also includes executing the received query on the
subindex file to obtain a list of subindex documents. The
method also includes iteratively executing a plurality of
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ranking algorithms to produce a plurality of lists of ranked
subindex documents associated therewith. The method also
includes comparing each of the plurality of lists of ranked
subindex documents with a list of subjectively ranked docu-
ments associated with the received query to determine a
degree of correlation between each of the plurality of lists of
ranked subindex documents and the list of subjectively
ranked documents. The method also includes applying an
optimizing algorithm to identify an optimal ranking algo-
rithm based on the plurality of ranking algorithms and the
plurality of lists of ranked subindex documents associated
therewith. The optimal ranking algorithm produces a list of
ranked subindex documents exhibiting an optimal degree of
correlation with the list of subjectively ranked documents.

Computer-readable media having computer-executable
instructions for performing methods of rating information
retrieval ranking algorithms and improving ranking algo-
rithms for information retrieval embody further aspects of
the 1nvention.

Alternatively, embodiments of the mmvention may com-
prise various other methods and apparatuses.

Other features will be 1n part apparent and 1n part pointed
out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating an exemplary
framework 1n which embodiments of the present invention
may be utilized.

FIG. 2 1s a block diagram illustrating an exemplary
implementation of a framework to evaluate and improve a
ranking algorithm according to one embodiment of the
invention.

FIG. 3 1s an exemplary tlow diagram illustrating process
flow according to one embodiment of the invention for
evaluating and improving a ranking algorithm.

FIG. 4 1s a block diagram illustrating an exemplary
computer-readable medium according to one embodiment of
the 1nvention.

FIG. 5 15 a block diagram 1illustrating another exemplary
computer-readable medium according to one embodiment of
the 1vention.

FIG. 6 1s a block diagram illustrating an exemplary
embodiment of a suitable computing system environment 1n
which one embodiment of the invention may be imple-
mented.

Corresponding reference characters indicate correspond-
ing parts throughout the drawings.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Referring first to FIG. 1, a block diagram 1llustrates one
example of a suitable framework 1n which embodiments of
the invention may be utilized. A ranking algorithm generator
102 1s configured to receive a set of ranking algorithms and
to produce a new set of ranking algorithms based on the
received set of ranking algorithms. A ranking algorithm
fitness evaluator 104 1s configured to determine the eflec-
tiveness ol a given ranking algorithm in producing a rel-
evance ranking that accurately reflects the relative impor-
tance of electronic documents with respect to a search query.
In one embodiment of the invention, the ranking algorithm
generator 102 (or alternatively, a human operator) creates an
initial set of ranking algorithms and communicates the
created set of ranking algorithms to the ranking algorithm
fitness evaluator 104. Ranking algorithm fitness evaluator
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104 then evaluates each of the ranking algorlthms and
identifies the most eflective ranking algorithm 1n the set.
Ranking algorithm fitness evaluator 104 further communi-
cates the most effective ranking algorithm that 1t identifies 1n
the set to ranking algorithm generator 102. Based on the
most eflective ranking algorithm identified by ranking algo-
rithm fitness evaluator 104, ranking algorithm generator 102
produces a new set of ranking algorithms (e.g., using a
genetic algorithm or evolutionary algorithm). Ranking algo-
rithm generator 102 again communicates this new set of
ranking algorithms to ranking algorithm fitness evaluator
104. Rankmg algorithm fitness evaluator further identifies
the most eflective ranking algorithm in the new set. This
framework of ranking algorithm generator 102 and ranking
algorithm {fitness evaluator 104, which produce a set of
ranking algorithms and i1dentify the most effective ranking
algorithm 1n the set, respectively, 1s iterated to find an
optimal ranking algorithm that produces an optimal rel-
evance ranking for a given search query.

Ranking Algorithms

According to an embodiment of the invention, a particular
ranking algorithm may perform dynamic ranking. Dynamic
ranking 1s a process that ranks electronic documents deter-
mined to match a search query. Searching and dynamic
ranking are well known 1n the art. Generally, the ranking,
algorithm calculates a single numeric value called the rank-
ing score for each electronic document determined to match
the search query. The ranking score represents how well the
clectronic document matches the search query. A query
processor then orders matching electronic documents based
on their corresponding ranking scores (e.g., an electronic
document with a higher ranking score may be ordered higher
in the relevance ranking).

The ranking algorithm that calculates the ranking score 1s
a Tunction that takes several arguments as inputs. One of
such arguments 1s an attribute that represents various infor-
mation about an electronic document and about how well the
clectronic document matches a search query. Such an
attribute may be document-specific and query-independent.
For example, document-specific attributes may include
static rank, length of the electronic document, link structure
(e.g., how many links point to the electronic document), age
of the electronic document, depth of the electronic document
within a domain, language of the electronic document,
country of the electronic document, etc. The attribute may
also be query-specific and independent of the electronic
document. Such query-specific attributes may include a
frequency of an individual query term across the electronic
document 1n various document locations (e.g., anchor text,
title, body, etc.). Certain attributes also describe how well
the electronic document matches one or more query terms
speciflied 1n the search query. Such attributes may include a
frequency of each query term, phrase, or span 1n the fitle,
body, anchor text, URL, etc. of the electronic document.
Alternatively, such attributes may assume binary values
(e.g., “some query terms appear in the title of the electronic
document™ or “too many matches”).

Another argument representative of an input to the rank-
ing algorithm 1s a parameter. A parameter 1s a variable that
1s used as a weight or constant (e.g., a parameter with zero
range) 1n the ranking algorithm that combines the attributes
for a given (document, query) pair. Since a parameter may
change constantly, 1t 1s not hard-coded 1n the ranking algo-
rithm but is stored 1n a configuration file such that changes
to the parameter are 1solated from code changes. One of the
goals of ranking algorithm generator 102 1s that for a given
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set of training search queries and their predetermined rat-
ings, to find a set of optimal parameters for a given ranking
algorithm such that the relevance ranking produced by the
ranking algorithm will match the predetermined ratings as
closely as possible.

For each search result, there may be two diflerent types of
attributes and parameters. Static attributes and parameters
have one 1instance per query. Examples of such static
attributes and parameters include static ranks and weights to
be given to the static ranks. On the other hand, dynamic
attributes and parameters may occur in multiple types for a
given search result. Examples of dynamic attributes include
“frequency 1n anchor text,” “frequency 1n body,” etc., and
the corresponding types may be “query term 1,” “query term
2,7 “matched phrase,” etc. Dynamic parameters assume
different attributes (and have diflerent ranges) depending on
what the current type 1s. Stmilarly, a ranking algorithm may
be either dynamic or static. A dynamic ranking algorithm
combines dynamic attributes and parameters for each type
instance given for a search result. A static ranking algorithm
combines static items (such as attributes, parameters, other
results of the ranking algorithm) and optimally dynamic

results.

Referring to FI1G. 2, a block diagram 1llustrates an exem-
plary implementation of a framework to evaluate and
improve a ranking algorithm according to one embodiment
of the invention. FIG. 2 shows a memory area 202. The
memory area 202 stores an index file 204. The index file 204
includes reference information and pointers to a plurality of
clectronic documents located on a communications network
(c.g., an intranet, an extranet, or the Internet) to which the
reference information applies. Thus, index file 204 may
include one or more index terms 1dentified from electronic
documents collected by a crawler and analyzed by an index
builder (not shown). Index file 204 turther stores a list of
network locations (e.g., URLs or internet protocol (IP)
addresses) for a stored index term. A network location may
be used to locate an electronic document on a communica-
tions network that includes data corresponding to the index
term.

Rating the Ranking Algorithm

In FIG. 2, a processor 205 implements a ranking algo-
rithm fitness evaluator 206 to evaluate a list 207 of ranking
algorithms stored 1 memory area 202. Specifically, the
processor 205 recerves a query 208 and executes the query
208 on 1ndex file 204. The query 208 may be a web search
query for a business listing, residential listing, mail item,
news item, media content (e.g., an 1mage, video content,
audio content, etc.), product, or service. Based on query 208,
processor 205 parses index file 204 to determine if one or
more query terms of query 208 correspond to an index term
stored 1n index file 204. If one or more query terms of query
208 correspond to a stored index term, processor 205 then
generates a subindex file 210 as a function of executing
query 208 on index file 204. In an embodiment of the
invention, the subindex file 210 stores information regarding
a few hundred electronic documents. In particular, subindex
file 210 stores a list of document IDs representative of
clectronic documents that include one or more index terms
determined by processor 205 as corresponding to the query
terms specified 1 query 208. Accordingly, subindex file 210
represents a portion of index file 204 and 1s generated based
on query 208. That 1s, subindex file 210 stores information
regarding electronic documents initially included 1n index
file 204 and determined by processor 205 as “hits” of query
208. Subindex file 210 further stores a list of attributes
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relevant to the query terms specified in query 208. For
example, 11 query 208 specifies the term “college™ as a query
term, then subindex file 210 may store a list of attributes
relevant to the term “college” but may not store attributes
that are 1rrelevant to this query term.

After processor 205 generates subindex file 210, a sub-
jective ranking source 211 analyzes the electronic docu-
ments included 1n subindex file 210 based on query 208 to
determine a subjective ranking of the electronic documents.
More specifically, the subjective ranking source 211 looks at
cach of the electronic documents included 1n subindex file
210 and determines a degree of correlation between each
clectronic document and the query terms specified 1n query
208. Based on this degree of correlation, subjective ranking
source 211 determines a subjective score for each electronic
document and produces a subjectively ranked list 212 of
subindex documents based on the subjective scores of the
electronic documents. In an embodiment of the invention, an
clectronic document with a higher subjective score 1is
ordered higher in the subjectively ranked list 212 than an
clectronic document with a lower subjective score. Subjec-
tively ranked list 212 of subindex documents 1s then stored
in memory area 202.

Evaluating the ranking algorithms based on subindex file
210 rather than on the index file 204 provides improved
elliciency and practicality. For example, subindex file 210
may be substantially smaller 1n size than the index file 204.
As such, performing operations on the subindex file 210
involves reduced processing time.

As one particular example, 1f query 208 specifies the term
“college” as a query term, subindex file 210 will include
clectronic documents having the term “college.” Accord-
ingly, subjective ranking source 211 may look at each of
these electronic documents having the term “college” and
determine the relevancy of each electronic document with
respect to query 208. Subjective ranking source 211 then
generates a subjective score for each electronic document
based on the determined relevancy of this particular elec-
tronic document to query 208. Subjective ranking source
211 then orders the electronic documents having the term

“college” based on their subjective scores to form subjec-
tively ranked list 212.

According to one embodiment of the invention, subjective
ranking source 211 1s a human who analyzes the electronic
documents listed 1n subindex file 210. Alternatively, subjec-
tive ranking source 211 may be a programming instruction
or software program configured to analyze these electronic
documents automatically. For example, such a programming
instruction or software program may be trained by machine
learning to generate subjective scores for the electronic
documents listed 1n subindex file 210. Additionally, subjec-
tively ranked list 212 of subindex documents may be stored
in subindex file 210. However, 1t 1s contemplated that
subjectively ranked list 212 1s accessible to processor 205
but not stored 1n subindex file 210.

As discussed, memory area 202 also stores the list 207 of
ranking algorithms. The list 207 of ranking algorithms may
be selected by a human or by a genetic algorithm. Each of
the ranking algorithms in list 207 1s configured to rank the
clectronic documents included 1n subindex file 210. In one
embodiment of the invention, memory area 202 further
stores a configuration file that includes one or more sets of
potential parameters for each ranking algorithm and one or
more sets of weights for each set of potential parameters.
Alternatively, memory area 202 may store a range of
weilghts for each parameter.
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Processor 205 implementing the ranking algorithm fitness
evaluator 206 1s configured to execute query 208 on subin-
dex file 210 to obtain a list of subindex documents. Proces-
sor 205 also executes each of the ranking algorithms
included 1 list 207 on the list of subindex documents to
obtain a relevance ranking of the subindex documents based
on one or more attributes associated with each subindex
document. The relevance ranking orders the subindex docu-
ments based on a degree of correlation between each sub-
index document and query 208 as determined by a given
ranking algorithm.

In an embodiment of the invention, processor 205 1mple-
menting ranking algorithm fitness evaluator 206 further
executes computer-executable instructions to compare the
relevance ranking produced by each ranking algorithm with
subjectively ranked list 212 to calculate a comparison score
for each ranking algorithm included in list 207. The com-
parison score indicates a degree of correlation or similarity
between the relevance ranking produced by a particular
ranking algorithm and subjectively ranked list 212. Based on
the comparison score calculated for each ranking algorithm,
processor 205 may determine which of the ranking algo-
rithms produces a relevance ranking that most resembles
subjectively ranked list 212 and thus most accurately ranks
the electronic documents included 1n subindex file 210.

After processor 205 generates the comparison score for
cach ranking algorithm, 1t produces an output file that stores
cach of the comparison scores and iformation describing
cach of the ranking algorithms. The output file also stores
causal information relating a difference between a particular
ranking algorithm and another ranking algorithm with a
difference between the comparison scores of these ranking
algorithms. Therefore, an operator may receive the output
file and examine the imnformation included in the output file
to analyze the reason behind the relative comparison scores
of the ranking algorithms and to determine a technique to
improve a ranking algorithm for producing an accurate
relevance ranking.

According to an embodiment of the invention, processor
205 or another processor implements a ranking algorithm
generator 214 to improve a given ranking algorithm
included 1n list 207. As discussed, memory area 202 stores
one or more sets of potential parameters for a given ranking
algorithm and one or more sets of weights associated with
these parameters. Thus, processor 205 1s configured to
iteratively vary at least one of the parameters (and the
associated weight) of a given ranking algorithm to generate
a different ranking algorithm. More specifically, a particular
ranking algorithm may have a plurality of parameters and
weilghts associated therewith, and processor 205 implement-
ing the ranking algorithm generator 214 may generate a
different ranking algorithm by varying one or more of the
parameters and weights of the particular ranking algorithm
using the sets of parameters and weights stored 1n memory
area 202 as inputs. Therefore, processor 205 may 1teratively
vary one or more parameters of a ranking algorithm and
execute the ranking algorithm with varied parameters (and
weilghts) on subindex documents to produce various com-
parison scores. As one an example, a particular ranking
algorithm may include the function X 2+X 3, where X and
Y represent two different parameters of the ranking algo-
rithm. Accordingly, processor 205 implementing ranking
algorithm generator 214 may vary the values of X and Y to
produce different functions and thus different ranking algo-
rithms. Applying the different ranking algorithms to the
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subindex documents and comparing the ranked results to the
subjectively ranked list 212 produces various comparison
SCOres.

The ranking algorithms (including various sets of param-
cters and weights), the comparison scores, and other output
data (e.g., a set of scoring components for each search result

to explain how the parameters are derived) may be used to
determine an optimal ranking algorithm, as discussed next.

Determiming an Optimal Ranking Algorithm

Processor 205 repeatedly varies the parameters and
weights to 1dentily an optimal ranking algorithm with an
optimal set of parameters and weights such that the com-
parison score of the optimal ranking algorithm indicates that
a relevance ranking produced by the optimal ranking algo-
rithm highly resembles subjectively ranked list 212. In
particular, processor 205 1s configured to apply an optimiz-
ing algorithm to search a multi-dimensional space of param-
cters and weights to 1dentily an optimal ranking algorithm
having an optimal comparison score. The optimal ranking
algorithm 1dentified by the optimizing algorithm 1s defined
by a plurality of optimal parameters and a plurality of
optimal weights associated with the optimal parameters.

It 1s noted that an operator or a genetic algorithm may
select the list 207 of ranking algorithms by choosing a set of
mathematical functions and speciiying what arguments they
take. Arguments include, for example, attributes, param-
eters, constants, or results of previously defined functions. In
a recursive approach, the operator or genetic algorithm
models a ranking algorithm by combining basic functions.
Processor 205 implementing ranking algorithm generator
214 takes as an mput a training set ol queries (e.g., query
208) and search results to find an optimal ranking algorithm.
Essentially, each search result includes a number of
attributes that are used 1n a ranking algorithm along with a
rating that describes the quality of the search result with
respect to 1ts corresponding query. Two types of ratings may
be used as mputs to rating algorithm generator 214: defini-
tive rating (O-not definitive, 1-definitive) and scale rating
(e.g., 5-point scale).

Processor 205 implementing ranking algorithm generator
214 searches the space of possible values for each parameter
to 1dentily a combination of parameters that result mn a
“000d” ranking of query 208. In general, for a good ranking,
clectronic documents with higher ratings occur before elec-
tronic documents with lower ratings 1n a search result. This
1s generally referred to as the “quality of ranking.” For a
definitive rating, for each ranking, the quality 1s 1/(position
of definitive). The output of ranking algorithm generator 214
of processor 205 includes a set of optimal parameters and a
set of optimal weights associated with the optimal param-
eters.

However, for a typical ranking algorithm, there may be an
order of 50-100 parameters. Even 1f ranking algorithm
generator 214 considers 10 values for each parameter, there
may be 10750 to 107100 possible combinations of param-
cters. Thus, 1n one embodiment of the mvention, the opti-
mizing algorithm executed by ranking algorithm generator
214 of processor 205 may be a binary search algorithm. For
instance, the binary search algorithm may mitially consider
two values (e.g., 25th and 75th percentiles) for each param-
eter. For 30 parameters, this results in 230 possible combi-
nations ol parameters. The binary search algorithm then
keeps the better combination of these two values for each
parameter and determines 11 each parameter 1s set to the 25th
or 75th percentile. The binary search algorithm then reduces
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the range for each parameter to half of the original range.
This technique 1s repeated a number of times to gradually
refine the parameter.

Embodiments of the invention thus provide a framework
for ranking algorithm optimization. It 1s noted that a wide
range ol optimizing algorithms or heuristics may be used to
identify an optimal ranking algorithm. For example, the
binary search algorithm may be substituted 1n the framework
with other optimizing algorithms such as non-linear optimi-
zation techniques, machine learning, neural networks, and
regression models to tune the parameter space.

In an embodiment of the mvention, mput information 1s
received and stored in memory area 202. The mput infor-
mation describes a first ranking algorithm, a first score
associated with the first ranking algorithm, a second ranking
algorithm, a second score associated with the second rank-
ing algorithm, and causal information relating a difference
between the first ranking algorithm and the second ranking
algorithm with a difference between the first score and the
second score. Processor 205 then executes an optimizing,
algorithm such as a binary search algorithm or machine
learning to the input information stored in memory area 202
to 1dentily an optimal ranking algorithm having an optimal
comparison score. The optimizing algorithm 1s interchange-
able with another optimizing algorithm without re-compi-
lation of software of the invention.

Exemplary Operation

FIG. 3 illustrates an exemplary method for evaluating and
improving a ranking algorithm according to one embodi-
ment of the invention. At 302, a query 1s received, and the
received query 1s submitted to a search engine for execution
on an index file. At 304, a list of index documents and a
plurality of attributes are received from the search engine in
response to the submitted query. At 306, a portion of the
received list of mndex documents and the received plurality
of attributes are stored 1n a subindex file. At 308, the
received query 1s executed on the subindex {file to obtain a
list of subindex documents. At 310, one or more ranking
algorithms are iteratively executed on the obtained list of
subindex documents to rank the obtained list of subindex
documents using the associated attributes. Thus, the one or
more ranking algorithms produce one or more lists of ranked
subindex documents. Moreover, each ranking algorithm
includes a particular set of parameters, which may include
the received query. A set or range of weights 1s also
associated with a particular parameter.

At 312, each of the lists of ranked subindex documents 1s
compared with a list of subjectively ranked documents
associated with the recerved query to generate a score for
cach ranking algorithm. The list of subjectively ranked
documents 1s generated by submitting the received list of
index documents to a subjective ranking source and receiv-
ing the list of subjectively ranked documents from the
subjective ranking source, which may be a human or a
soltware program. Moreover, the received list of subjec-
tively ranked documents may be stored in the subindex file.
The score indicates a degree of correlation or similarity
between a particular list of ranked subindex documents and
the list of subjectively ranked documents. Additionally,
information regarding a particular ranking algorithm and 1ts
score, information regarding another ranking algorithm and
a score of the other ranking algorithm, and causal informa-
tion relating a difference between the particular ranking
algorithm and the other ranking algorithm with a difference
between the scores of these ranking algorithms may be
stored 1n an output file for analysis by an operator. In an
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embodiment of the invention, the ranking algorithms may be
selected by a human or by a genetic algorithm. Alternatively,
the ranking algorithms may be created by iteratively varying
at least one of the parameters of a particular ranking algo-
rithm.

At 314, an optimizing algorithm 1s applied to 1dentily an
optimal ranking algorithm as a function of the received
query, the ranking algorithms, the lists of ranked subindex
documents, and/or the list of subjectively ranked documents.
In one embodiment of the invention, the optimizing algo-
rithm may be a binary search algorithm, non-linear optimi-
zation technique, machine learning, neural network, regres-
sion model, etc. The optimal ranking algorithm produces a
list of ranked subindex documents exhibiting an optimal
degree of correlation with the list of subjectively ranked
documents.

Exemplary Computer-Executable Components

FIG. 4 1s a block diagram illustrating an exemplary
computer-readable medium 400 according to one embodi-
ment of the mvention. As shown, the computer-readable
medium 400 includes an interface component 402, a
memory component 404, a ranking component 406, a com-
parator component 408, an output component 410, and a
best-fit component 412. However, 1t 1s contemplated that
computer-readable medium 400 may be any quantity of
computer readable media and may comprise various com-
binations of components and functionalities associated with
cach component.

The interface component 402 recerves a query, a list of
index documents resulting from execution of the query on an
index file that stores a plurality of documents, and a plurality
of attributes including data describing the list of index
documents. The memory component 404 stores 1n a subin-
dex file a portion of the list of index documents and the
plurality of associated attributes received by interface com-
ponent 402. Memory component 404 further stores the
plurality of attributes including the query received by inter-
tace component 402. The ranking component 406 executes
the recerved query on the subindex file to obtain a list of
subindex documents and ranks, by a particular ranking
algorithm, the obtained list of subindex documents using the
associated attributes. The comparator component 408 com-
pares the list of subindex documents ranked by ranking
component 406 with a list of subjectively ranked documents
to generate a score for the particular ranking algorithm. The
generated score represents a degree of correlation or simi-
larity between the list of subindex documents ranked by
ranking component 406 and the list of subjectively ranked
documents.

Ranking component 406 further ranks the obtained list of
subindex documents using another ranking algorithm to
obtain another list of ranked subindex documents and com-
pares the other list of ranked subindex documents with the
list of subjectively ranked documents to generate another
score for the other ranking algorithm. The output component
410 stores 1 an output file imformation describing the
particular ranking algorithm and its score, information
describing the other ranking algorithm and the score of the
other ranking algorithm, and causal information relating a
difference between the particular ranking algorithm and the
other ranking algorithm with a difference between the scores
of these ranking algorithms.

In an embodiment of the invention, interface component
402 further recerves mput information including information
describing a first ranking algorithm, a first score associated
with the first ranking algorithm, a second ranking algorithm,
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a second score associated with the second ranking algo-
rithm, and causal information relating a difference between
the first ranking algorithm and the second ranking algorithm
with a diflerence between the first score and the second
score. The best-fit component 412 then applies an optimiz-
ing algorithm to the recerved input information to 1dentily an
optimal ranking algorithm having an optimal score. The
optimal ranking algorithm 1s defined by a plurality of
parameters and a plurality of weights associated with the
plurality of parameters. The optimizing algorithm 1s inter-
changeable with another optimizing algorithm without re-
compilation of best-fit component 412.

In FIG. 5, an exemplary computer-readable medium 500
according to one embodiment of the invention stores thereon
a data structure representing a subindex file created from an
index file as a function of a particular query executed on the
index file. The execution of the particular query on the index
file results 1n a list of documents. It 1s contemplated that
computer-readable medium 500 may be any quantity of
computer-readable media and may comprise various com-
binations of data structures and functionalities associated
with each structure. As shown 1n FIG. 5, the data structure
includes a first field 502, a second field 504, and a third field
506. The first field 502 stores a portion of the list of
documents. The second field 504 stores a plurality of
attributes related to the portion of the list of documents
stored 1n {first field 502. The third field 506 stores a list of
subjectively ranked documents. The list of subjectively
ranked documents 1s for use to identily an optimal ranking
algorithm from a plurality of ranking algorithms by com-
paring rankings by the plurality of ranking algorithms of the
portion of the list of documents stored 1n first field 502 with
the list of subjectively ranked documents stored in third field

306.

Second field 504 also stores query dependent information
such as one or more of the following: a query term, a
frequency of the query term 1 a URL of an electronic
document, a frequency of the query term 1n a title of the
clectronic document, a frequency of the query term in a body
of the electronic document, and a frequency of the query
term 1n an anchor text of the electronic document. Second
field 504 further stores query independent information such
as one or more of the following: link structure, age of an
clectronic document, depth of the electronic document
within a domain, language of the electronic document,
country of the electronic document, and a size of the
clectronic document.

Exemplary Operating Environment

FIG. 6 shows one example of a general purpose comput-
ing device in the form of a computer 130. In one embodi-
ment of the invention, a computer such as the computer 130
1s suitable for use i1n the other figures illustrated and
described herein. Computer 130 has one or more processors
or processing units 132 and a system memory 134. In the
illustrated embodiment, a system bus 136 couples various
system components including the system memory 134 to the
processors 132. The bus 136 represents one or more of any
of several types of bus structures, including a memory bus
or memory controller, a peripheral bus, an accelerated
graphics port, and a processor or local bus using any of a
variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard

Architecture (ISA) bus, Micro Channel Architecture (MCA)
bus, Enhanced ISA (FISA) bus, Video Electronics Standards
Association (VESA) local bus, and Peripheral Component
Interconnect (PCI) bus also known as Mezzanine bus.
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The computer 130 typically has at least some form of
computer readable media. Computer readable media, which
include both volatile and nonvolatile media, removable and
non-removable media, may be any available medium that
may be accessed by computer 130. By way of example and
not limitation, computer readable media comprise computer
storage media and commumnication media. Computer storage
media include volatile and nonvolatile, removable and non-
removable media implemented 1n any method or technology
for storage of information such as computer readable
instructions, data structures, program modules or other data.
For example, computer storage media include RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
medium that may be used to store the desired information
and that may be accessed by computer 130. Communication
media typically embody computer readable instructions,
data structures, program modules, or other data in a modu-
lated data signal such as a carrier wave or other transport
mechanism and include any information delivery media.
Those skilled 1n the art are familiar with the modulated data
signal, which has one or more of 1ts characteristics set or
changed in such a manner as to encode information 1n the
signal. Wired media, such as a wired network or direct-wired
connection, and wireless media, such as acoustic, RF, infra-
red, and other wireless media, are examples of communi-
cation media. Combinations of the any of the above are also
included within the scope of computer readable media.

The system memory 134 includes computer storage media
in the form of removable and/or non-removable, volatile
and/or nonvolatile memory. In the illustrated embodiment,
system memory 134 includes read only memory (ROM) 138
and random access memory (RAM) 140. A basic mput/
output system 142 (BIOS), including the basic routines that
help to transier information between elements within com-
puter 130, such as during start-up, i1s typically stored in
ROM 138. RAM 140 typically includes data and/or program
modules that are immediately accessible to and/or presently
being operated on by processing unit 132. By way of
example, and not limitation, FIG. 6 illustrates operating
system 144, application programs 146, other program mod-
ules 148, and program data 150.

The computer 130 may also include other removable/non-
removable, volatile/nonvolatile computer storage media. For
example, FIG. 6 illustrates a hard disk drive 154 that reads
from or writes to non-removable, nonvolatile magnetic
media. FIG. 6 also shows a magnetic disk drive 156 that
reads from or writes to a removable, nonvolatile magnetic
disk 158, and an optical disk drive 160 that reads from or
writes to a removable, nonvolatile optical disk 162 such as
a CD-ROM or other optical media. Other removable/non-
removable, volatile/nonvolatile computer storage media that
may be used in the exemplary operating environment
include, but are not limited to, magnetic tape cassettes, flash
memory cards, digital versatile disks, digital video tape,
solid state RAM, solid state ROM, and the like. The hard
disk drive 154, and magnetic disk drive 156 and optical disk
drive 160 are typically connected to the system bus 136 by
a non-volatile memory interface, such as interface 166.

The drives or other mass storage devices and their asso-
ciated computer storage media discussed above and 1llus-
trated 1n FIG. 6, provide storage ol computer readable
instructions, data structures, program modules and other
data for the computer 130. In FIG. 6, for example, hard disk
drive 154 1s 1llustrated as storing operating system 170,
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application programs 172, other program modules 174, and
program data 176. Note that these components may either be
the same as or different from operating system 144, appli-
cation programs 146, other program modules 148, and
program data 150. Operating system 170, application pro-
grams 172, other program modules 174, and program data
176 are given diflerent numbers here to illustrate that, at a
minimum, they are different copies.

A user may enter commands and information into com-
puter 130 through mput devices or user interface selection
devices such as a keyboard 180 and a pointing device 182
(e.g., a mouse, trackball, pen, or touch pad). Other 1nput
devices (not shown) may include a microphone, joystick,
game pad, satellite dish, scanner, or the like. These and other
input devices are connected to processing unit 132 through
a user mput intertace 184 that 1s coupled to system bus 136,
but may be connected by other interface and bus structures,
such as a parallel port, game port, or a Universal Serial Bus
(USB). A monitor 188 or other type of display device 1s also
connected to system bus 136 via an interface, such as a video
interface 190. In addition to the monitor 188, computers
often include other peripheral output devices (not shown)
such as a printer and speakers, which may be connected
through an output peripheral interface (not shown).

The computer 130 may operate 1n a networked environ-
ment using logical connections to one or more remote
computers, such as a remote computer 194. The remote
computer 194 may be a personal computer, a server, a router,
a network PC, a peer device or other common network node,
and typically includes many or all of the elements described
above relative to computer 130. The logical connections
depicted i FIG. 6 include a local area network (LAN) 196
and a wide area network (WAN) 198, but may also include
other networks. LAN 136 and/or WAN 138 may be a wired
network, a wireless network, a combination thereof, and so
on. Such networking environments are commonplace 1n
oflices, enterprise-wide computer networks, intranets, and

lobal computer networks (e.g., the Internet).

When used mm a local area networking environment,
computer 130 1s connected to the LAN 196 through a
network interface or adapter 186. When used 1n a wide area
networking environment, computer 130 typically includes a
modem 178 or other means for establishing communications
over the WAN 198, such as the Internet. The modem 178,
which may be internal or external, 1s connected to system
bus 136 via the user 1nput interface 184, or other appropnate
mechanism. In a networked environment, program modules
depicted relative to computer 130, or portions thereof, may
be stored in a remote memory storage device (not shown).
By way of example, and not limitation, FIG. 6 illustrates
remote application programs 192 as residing on the memory
device. The network connections shown are exemplary and
other means of establishing a communications link between
the computers may be used.

Generally, the data processors of computer 130 are pro-
grammed by means of instructions stored at different times
in the various computer-readable storage media of the com-
puter. Programs and operating systems are typically distrib-
uted, for example, on floppy disks or CD-ROMs. From
there, they are installed or loaded into the secondary
memory of a computer. At execution, they are loaded at least
partially into the computer’s primary electronic memory.
Embodiments of the imnvention described herein include
these and other various types of computer-readable storage
media when such media include 1nstructions or programs for
implementing the steps described below 1n conjunction with
a microprocessor or other data processor. One embodiment
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of the invention also includes the computer itself when
programmed according to the methods and techniques
described herein.

For purposes of illustration, programs and other execut-
able program components, such as the operating system, are
illustrated herein as discrete blocks. It 1s recognized, how-
ever, that such programs and components reside at various
times 1n different storage components of the computer, and
are executed by the data processor(s) of the computer.

Although described 1n connection with an exemplary
computing system environment, mcluding computer 130,
one embodiment of the imnvention 1s operational with numer-
ous other general purpose or special purpose computing
system environments or configurations. The computing sys-
tem environment 1s not intended to suggest any limitation as
to the scope of use or functionality of embodiments of the
ivention. Moreover, the computing system environment
should not be iterpreted as having any dependency or
requirement relating to any one or combination of compo-
nents 1illustrated 1n the exemplary operating environment.
Examples of well known computing systems, environments,
and/or configurations that may be suitable for use with the
embodiments of the invention include, but are not limited to,
personal computers, server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
mobile telephones, network PCs, minicomputers, main-
frame computers, distributed computing environments that
include any of the above systems or devices, and the like.

Embodiments of the mvention may be described in the
general context of computer-executable istructions, such as
program modules, executed by one or more computers or
other devices. Generally, program modules include, but are
not limited to, routines, programs, objects, components, and
data structures that perform particular tasks or implement
particular abstract data types. Embodiments of the invention
may also be practiced in distributed computing environ-
ments where tasks are performed by remote processing
devices that are linked through a communications network.
In a distributed computing environment, program modules
may be located on both local and remote computer storage
media mncluding memory storage devices.

In operation, computer 130 executes computer-executable
instructions such as those described herein to rate informa-
tion retrieval ranking algorithms.

The order of execution or performance of the methods
illustrated and described herein 1s not essential, unless
otherwise specified. That 1s, 1t 1s contemplated by the
inventors that elements of the methods may be performed 1n
any order, unless otherwise specified, and that the methods
may 1nclude more or less elements than those disclosed
herein.

When mtroducing elements of the present invention or the
embodiments thereof, the articles ““a,” “an,” *“the,” and
“said” are mtended to mean that there are one or more of the
clements. The terms “comprising,” “including,” and “hav-
ing”” are itended to be inclusive and mean that there may be
additional elements other than the listed elements.

In view of the above, 1t will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

As various changes could be made 1n the above construc-
tions and methods without departing from the scope of
embodiments of the invention, 1t 1s intended that all matter
contained 1n the above description and shown 1n the accom-
panying drawings shall be interpreted as illustrative and not
in a limiting sense.
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What 1s claimed 1s:

1. A method for improving ranking algorithms for infor-
mation retrieval, said ranking algorithms operating on query
results obtained from a search engine, said method com-
prising:

recerving 1nput 1nformation including 1nformation

describing a first ranking algorithm for ranking a list of
search results, a first score associated with the first
ranking algorithm, a second ranking algorithm {for
ranking the list of search results, a second score asso-
ciated with the second ranking algorithm, and causal
information relating a difference between the first rank-
ing algorithm and the second ranking algorithm with a
diflerence between the first score and the second score,
said first score representing a comparison of output of
the first ranking algorithm and a subjective ranking of
the list of search results, said second score representing
a comparison of output of the second ranking algorithm
and the subjective ranking of the list of search results;
and

applying an optimizing algorithm to the received input
information to i1dentity an optimal ranking algorithm
having an optimal score, said optimal ranking algo-
rithm being defined by a plurality of parameters and a
plurality of weights associated with the plurality of
parameters.

2. The method of claim 1, wherein applying the optimiz-
ing algorithm to the received mput mnformation comprises
applying a machine learning algorithm to the received mput
information to identify the optimal ranking algorithm.

3. The method of claim 1, wherein applying the optimiz-
ing algorithm to the received mput mnformation comprises
applying a binary search algorithm to the received input
information to identify the optimal ranking algorithm.

4. The method of claim 1, further comprising:
receiving a query;
submitting the received query to a search engine for

execution on an index file, wherein the index file stores
a plurality of documents;

recerving a list of index documents and a plurality of
attributes from the search engine in response to the
submitted query, said received plurality of attributes
including data describing the received list of index
documents, said received list of index documents rep-
resenting the list of search results;

storing a portion of the received list of index documents
and the received plurality of attributes associated there-
with 1n a subindex file:

executing the recerved query on the subindex file to obtain
a list of subindex documents;

ranking, by the first ranking algorithm, the obtained list of
subindex documents using the attributes associated
therewith; and

comparing the list of ranked subindex documents with the
subjective ranking of the list of search results to gen-
crate the first score associated with the first ranking
algorithm, said generated first score representing a
degree of correlation between the list of ranked subin-
dex documents and the subjective ranking of the list of
search results.

5. The method of claim 4, further comprising:

ranking the obtained list of subindex documents using the
second ranking algorithm to obtain a second list of
ranked subindex document; and
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comparing the second list of ranked subindex documents
with the subjective ranking of the list of search results
to generate the second score associated with the second
ranking algorithm.

6. The method of claim 1, wherein one or more computer-
readable media have computer-executable instructions for
performing the method recited 1n claim 1.

7. One or more computer storage media having computer-
executable mstructions for improving ranking algorithms for
information retrieval, said ranking algorithms operating on
query results obtamned from a search engine, said compo-
nents comprising:

a first component for recerving input information includ-
ing mformation describing a first ranking algorithm for
ranking a list of search results, a first score associated
with the first ranking algorithm, a second ranking
algorithm for ranking the list of search results, a second
score assoclated with the second ranking algorithm,
and causal information relating a difference between
the first ranking algorithm and the second ranking
algorithm with a diflerence between the first score and
the second score, said {irst score representing a com-
parison of output of the first ranking algorithm and a
subjective ranking of the list of search results, said
second score representing a comparison of output of the
second ranking algorithm and the subjective ranking of
the list of search results; and

a second component for applying an optimizing algorithm
to the recerved mput information to identily an optimal
ranking algorithm having an optimal score, said opti-
mal ranking algorithm being defined by a plurality of
parameters and a plurality of weights associated with
the plurality of parameters, said optimizing algorithm
being interchangeable with another optimizing algo-
rithm without re-compilation of the second component.

8. The computer storage media of claim 7, further com-
prising an interface component for receiving a query, a list
of index documents resulting from execution of the query on
an 1index file storing a plurality of documents, and a plurality
of attributes including data describing the list of index
documents.

9. The computer storage media of claim 8, further com-
prising a memory component for storing, 1n a subindex file,
a portion of the list of index documents and the plurality of
attributes associated therewith received by the interface
component.

10. The computer storage media of claim 9, further
comprising a ranking component for executing the received
query on the subindex file to obtain a list of subindex
documents and for ranking, by the first ranking algorithm,
the obtained list of subindex documents using the attributes
associated therewaith.

11. The computer storage media of claim 10, further
comprising a comparator component for comparing the list
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of subindex documents ranked by the ranking component
with the subjective ranking of the list of search results to
generate a score for the first ranking algorithm, said gener-
ated score representing a degree of correlation between the
list of subindex documents ranked by the ranking compo-
nent and the subjective ranking of the list of search results.

12. The method of claim 1, further comprising storing the
optimal ranking algorithm, the plurality of parameters for
the optimal ranking algorithm, and the plurality of weights
for the plurality of parameters.

13. A method for identifying an improved information
retrieval algorithm for ranking query results, said method
comprising:

recetving a query and a list of index documents resulting

from execution of the query on an index file storing a
plurality of documents;

storing a portion of the received list of mndex documents

in a subindex file;
executing the recerved query on the subindex file to obtain
a list of subindex documents;

executing each of a plurality of ranking algorithms to
produce a plurality of lists of ranked subindex docu-
ments associated therewith;

comparing each of the plurality of lists of ranked subindex

documents with a list of subjectively ranked documents
associated with the received query to determine a
degree of correlation between each of the plurality of
lists of ranked subindex documents and the list of
subjectively ranked documents; and

applying an optimizing algorithm to identify an optimal

ranking algorithm based on the plurality of ranking
algorithms and the plurality of lists of ranked subindex
documents associated therewith, said optimal ranking
algorithm producing a list of ranked subindex docu-
ments exhibiting an optimal degree of correlation with
the list of subjectively ranked documents.

14. The method of claim 13, wherein each of the plurality
of ranking algorithms has a plurality of parameters associ-
ated therewith.

15. The method of claim 13, wherein receiving the query
comprises recerving one or more of the following: a query
for a business listing, a query for a residential listing, a query
for a mail 1tem, a query for a news item, a query for media
content, and a product query.

16. The method of claim 13, wherein receiving the query
further comprises receiving a plurality of attributes associ-
ated with the received list of subindex documents, said
received plurality of attributes being used as input for the
plurality of ranking algorithms.

17. The method of claim 13, wherein one or more
computer storage media have computer-executable instruc-
tions for performing the method recited 1n claim 13.
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